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An Acoustic Diaphragm, 



I, Ebnst Oscae. Pjersson, a Swedish 
subject, of Branny Nyhamnslage, 
Sweden, do hereby declare the nature of 
this invention and in what manner the 
6 same is to be performed, to be particularly 
described and ascertained in and by the 

following statement: 

The acoustic diaphragms at present 
employed in apparatus for sending, 
10 receiving or recording sound, such as 
telephone receivers, loud-speakers, horns, 
microphones, phonographs etc. . . are 
generally formed of a single sheet of 
steel plate cardboard, mica, 'etc. . 
i5 having a uniform thickness, stiffness* and 
elasticity at all points. 

These diaphragms possess the disadvan- 
tage that they cannot reproduce sounds of 
different frequencies at the same time 
*u without distortion uuless the impulses 
acting on the diaphragm are Very weak, 
as is the case for example in a telephone 
receiver connected to the output terminals 
? f a CI 73tal radio receiver, and that they 
25 have a natural tone that deforms the 
reproduction. 

Most of the inventors who have carried 
out research work on this subject have 
tried to overcome these disadvantages by 
SO constructing diaphragms of concentric 
cone frusta of different periods of oscilla- 
tion or built up of separate pieces of 
difterent periods of oscillation. These 
searchers have thus 'empirically expressed 
35 principles such as : the mass per unit of 
surface must increase from the centre to 
the edge, or the stiffness must decrease 
in the same direction, or the ratio 

elasticity 

mass per unit of surface 
40 must decrease from the centre to the edge 
and finally the mass and the stiffness must 
vary by degrees from zone to zone. Dia- 
phragms have be'en conceived in which the 
thickness of the material of which they 
45 are made increases from the centre to the 
edge or from jfch'e edge to the centre, or in 
which .the. thickness varies round concen- 
tric lines. Others in which, the dia- 
phragm is attached to a resonance screen, 
. 50 or attached to a second diaphragm having, 
a form of a cone "frustum and which is 
,made of a. material of which the ratio ' 
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mass per unit of surface 
is less than for the conical diaphragm to 
which it is attached. 

It has also been proposed to load a dia- 
phragm with tapered lumped loading, th'e 
masses of loading being equally distri- 
buted over the Burface of the diaphragm 
so that the distances between the masses 
are the same in both directions, and the 
masses in successive circles from the 
centre increase in magnitude outwardly. 

The object of the present invention is 
to provide acoustic diaphragms for appar- 
atus for sending, receiving or recording 
sounds and possessing the property of 
being capable of following oscillations of 
different frequencies, thus permitting a 
complex sound record such as an orchestral 
piece to he reproduced accurately. 

The invention consists in an acoustic 
diaphragm particularly adapted for use 
m all apparatus for sending, receiving or 
recording sound such as telephone re- 
ceivers, loud speakers, horns, micro- 
phone, phonographs and the like, char- 
acterised by the feature that the ratio 

stiffness _ 

9 mass per unit of surface 
diminishes continuously and tmiformly 
radially from the centre to the edge of 
the diaphragm. 

The invention is based on the following 
considerations : 

. If a ring b, made of lead for example, 
is . cemented on a vibrating plate a 
(Figure 1) clamped in the usual manner 
at its periphery a\ a\ the inertia and- 
consequently the period of the plate a are 
increased while at the same time a cir- 
S^ 01, * one of diameter d is defin'ed on 
this diaphragm within the ring & which 
possesses a certain period of oscillation 

The diaphragm thus obtained will act 
as if there were two different diaphragms 
one formed by the plate a with the ring 6,' 
and the other by- the circular zone : of 
qiameter.<Z. 

If the sounds to be - Reproduced or 
recorded have a frequency approaching inn 
that of the part d it will be this part ™ 
which- enters into oscillation- while the 
njttfd will, form a kjnd .of fixed boundary 
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for the periphery of the part d; if the 
sounds have a frequency approaching 
that of the entire diaphragm, taking into 
account the presence of the ring b, then 
the whole diaphragm will enter . into 
oscillation. 

If, instead of a single ring 6, a 
plurality of concentric rings of the same 
type are arranged on the plate a, a dia- 
phragm will be obtained as will be tinder- 
stood, which is capable of reproducing a 
greater number of frequencies. 

The various experiments which the 
applicant has made in this direction have 
enabled him to obtain acoustic diaphragms 
which respond equally to all sound fre- 
quencies and in which a natural reson^ 
ance period which is so detrimental to 
faithful reproduction, is suppressed. 

The essential feature of these dia- 
phragms consists in a construction such 
that the ratio 

stiffness 

mass per unit of surface 
is uniformly decreased from the centre to 
the edge so that the smaller the valu'e of 
said ratio as measured anywhere on a 
concentric line, the greater the diam'eter 
of the concentric line. The stiffness is 
defined as the resistance of th'e material 
against bending, at the concentric line in 
question as measured on a test piece. 
The aboVe mentioned essential feature 
may be obtained for example by using 
two materials, one having practically no 
stiffness whereas it has a mass sufficiently 
great and one having practically no mass 
whereas it has a stiffness sufficiently great, 
the two materials being joined together 
axially so as to form a single sheet the 
thickness of the former increasing from 
the centre to the peripbery while the stiff- 
ness of the latter diminishes in the same 
direction for example by decreasing uni- 
formly its thickness from the centre to the 
edge or by using doped fabric and gradu- 
ally diluting the impregnating material 
£rom the centre to the periphery during 
the impregnating process. 

Various -embodiments of these acoustic 
diaphragms will now be described by way 
of example with reference to the accom- 
panying drawing. 

The diaphragm shown in Figure 2 is 
formed, by a support a of uniform thick- 
ness made of a material having as high 
a. stiffness ka possible, such as iron,, steel, 
hardened celluloid or other material, and 
a lining c made of sufficently heavy 
material of smaU stiffness, sucb as rubber, 
and the thicknfess of- which, increases 
gradually .from, the centre towards the 
edges (in the drawing the thickness of 
the support has been slightly exagger- 
ated). 



. Iu this diaphragm the stiffness is un- 
changed but the ratio 

stiffness 

mass per unit of surface 
is diminished because of the increasing 
thickness of the rubber lining which 
increases uniformly the mass per unity of 
surface from the centre to the edge. 

The presence of the layer of rubber also 
produces an appreciable damping of the 
natural oscillations of the support. This 
diaphragm is particularly suitable for 
microphones, phonographs, etc. . . 

Iu the modification shown in Figure 3, 
the thickness of the support a decreases 
from the centre to the periphery, and the 
lining c has a section similar to that 
shown in Figure 2. This plate is suitabU 
for loud-speakers, telephone receivers, 
etc. . . The support a may be formed for 
example of soit drawn, non magnetic iron. 

The acoustic diaphragm shown in 
Figure 4 is of conical shape and is par- 
ticularly suitable for motor horns. It 
consists of a support e made of hardened 
celluloid, for example, of conical shape 
and uniform thickness, and a rubber 
lining / the thickness of which increases 
from the apex to the base of the cone. 
Preferably the taper of the support 
increases from the apex to thfe base, so 
that this support has the general shape 
of a curved surface. 

Naturally, the same modification shown 
in Figures^ 2 and 3 may be provided for 
Figure 4 and the thickness of the support 
e may diminish from the apex to the base 
or else the reduction of the stiffness from 
the centre to the 'edge of this support may 
be obtained by processes such as gradu- 
ated tempering", compression, impregna- 
tion or 'chroming, that is to say by pro- 
cesses in which the tempering, compres- 
sion, impregnation or chroming effect 
varies progressively from the apex to the 
base or from the centre to the periphery. 

The graduated hardening may be 
obtained if or example by heating the disc 
at different temperatures from the centre 
to the periphery and . subsequently 
immersing it in the hardening bath. 

Finally, instead of being formed by a 
continuous conical or curved surface, the 
support, shown in Figure, 4 may also be 
farmed bv a series of elementary conical 
surfaces having a taper increasing from 
the centre to tne outer edge of the sup- 
port (Figure 4a). 

A variation of this form of diaphragm 
is -shown in Figs. 5 and 6. The ele- 
mentary conical surfaces are here joined 
in such a way that the points of the cones 
or frusta axfe turned alternatively in 
opposite direction - anjl nave- increasing 
height from the centre to the edge of the 
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diaphragm so that the circles g\ g*, g* 
on one side and g* and g 2 on the other, 
representing the bases of the elements 
will be situated on the two conical sur- 
g faces h l and h* which approach each other 
towards the centre of the diaphragm. 
Further, the taper of each successive 
frustum increases from the centre towards 
the periphery of the membrane. In 

10 order to soften the transition from, one 
frustum to an adjacent one each frustum 
may comprise a complementary curvature 
as already stated above with respect to 
Fig. 4. The support is provided with a 

15 fining of rubber the thickness of which 
increases from the centre of the dia- 
phragm to its edge as already described 
for the above mentioned forms of dia- 
phragms and the frusta may be made 

20 separately and joined together or made in 
one piece. 

It goes without saying moreover that 
modifications may be made in the modes 
of construction which have been described 

25 simply by way of example, without on 
that account departing from the scope of 
the invention. In particular the 
material indicated by way of ex- 
ample may be replaced by any other suit- 

30 able materials in the construction of 
sound recording, receiving and reproduc- 
ing apparatus. The embodiments de- 
scribed are moreover not the only possible 
embodiments of the invention. 

35 Having now particularly described and 
ascertained the nature of mv said inven- 
tion and in what manner the same is 
to he performed, I declare that what I 
claim is :» — 

40 1. An acoustic diaphragm particularly 
adapted for use in all apparatus for send- 
ing, receiving or recording sound such as 
telephone receivers, loud speakers, horns, 
microphones, phonographs and the like 

45 characterised by the feature that the 
ratio 

stiffness 

mass per unit of surface 
diminishes continuously and uniformly 
radially from the centre to the 
oU edce of the diaphragm. 

2. An acoustic diaphragm according to 
claim I composed of two materials super- 



imposed one on the other and glued or 
otherwise adherently held together, the 
ratio 

stiffness 

mass per unit of surface 
being at all points greater for one of the 
materials than for the other, character- 
ised by the feature that the thickness of 
the material of which the ratio 

stiffness 

mass per unit of surface 
is the smaller increases uniformly radially 
from the centre to the edge of the dia- 
phragm, this material being for instance, 
rubber and the other material being steel, 
celluloid, mica, doped fabric and the 
like. 

3. An acoustic diaphragm according to 
claim 2. characterised by the feature that 
the stiffness of the material, of which the 
ratio 

6tiffness 

mass per unit of surface 
is the greater, diminishes uniformly 
radially from the centre either by uni- 
formly diminishing its thickness, or. by 
a process of gradual impregnation, the 
material being for instance gaurfe or other 
light fabric impregnated with gelatine, 
the degree of dilution of the gelatine 
hath being progressively changed during 
the impregnation. 

4. An acoustic diaphragm according to 
claims 1, 2 and 3 of conical shape char- 
acterized by the feature that the taper 
of the cone increases from the centre .to 
the periphery either uniformly or by 
means of two or more, frusta of which the 
taper and height increases from the centre 
to the periphery of the diaphragm and 
which may be turned with their smaller 
oases in the same or in opposite axial 
directions. 

5. The improved acoustic diaphragm 
particularly adapted for use in apparatus 
for sending, receiving or recording sound, 
substantially as described and as illus- 
trated in the accompanying drawing. 

Bated this 19th day of December, 1930. 

MARKS & CLERK. 
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